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1
Introduction
In Ran1 #88 meeting [1], NR PBCH payload sizes were discussed and following agreement was made. 
Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.

· This simply provide guidance for potential minimum and maximum value.

According to the agreement payload bits for broadcast channel varies between 40 and 100. Lower code rate operation can be expected with PBCH considering different allocation. In general, coding rates of 1/3 and lower can be assumed to be used in PBCH. In this contribution, we consider channel coding for physical broadcast channel (PBCH).
2
Candidates
There can be three possible candidates for PBCH channel code: TBCC, polar code and LDPC. Of these, LDPC code is most suitable, due to low latency and small complexity. Since the number of information bits is small, it is possible to use list decoding, or some other form of advanced decoding. In addition, CRC overhead of PBCH can be reduced by utilizing error detection capability that LDPC provides compared to other coding schemes. 
2.1
LDPC codes
We propose the following LDPC code with rate 1/3 and rate 1/6.
· R = 1/3; (n,k) = (196,64) with sub-matrix dimension Z = 16
  10 11  2  3  0 -1 -1 -1 -1 -1 -1 -1

  -1 15  9  9 14  0 -1 -1 -1 -1 -1 -1

   6 -1  5 13 -1 11  0 -1 -1 -1 -1 -1

  -1  5 -1  8 12 -1  6  0 -1 -1 -1 -1

  -1 11 -1 -1  1 -1 -1 11  0 -1 -1 -1

  -1  2 -1 -1 14 12 -1  7 -1  0 -1 -1

  -1 15 10 -1 -1 -1 -1 -1 11 -1  0 -1

  -1 -1 -1  7 -1 11 -1  3 -1 -1 -1  0
· R = 1/6; (n,k) = (384,64) with sub-matrix dimension Z = 32

    6  0  0 -1 -1 -1 -1 -1 -1 -1 -1 -1

    0 22 29  0 -1 -1 -1 -1 -1 -1 -1 -1

   -1 15  0 -1  0 -1 -1 -1 -1 -1 -1 -1

   -1  2 -1  3 30  0 -1 -1 -1 -1 -1 -1

    2 -1 -1 -1 -1 13  0 -1 -1 -1 -1 -1

   -1 -1 -1 22 18 -1 -1  0 -1 -1 -1 -1

   -1 -1 -1 12 -1 -1 -1 17  0 -1 -1 -1

   26 -1 -1 -1 -1 -1 -1 -1  4  0 -1 -1

   -1 -1 -1 -1 -1 -1 -1  7  2 -1  0 -1 
   -1 -1 28 -1 -1 -1 -1 -1 -1 -1 12  0

Dimension of these codes is lower than 100 info bits. Other info block lengths are provided by lifting or shortening. Repetition can be used obtain lower code rates than rate 1/6. 

2.2
Simulation results
Table I: Simulation parameters
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	TBCC
	LDPC
	Polar

	Code rate 
	1/12, 1/6, 1/3

	Decoding algorithm
	List-Viterbi
	Offset
min-sum
	SCL-4 CRC assisted 

	CRC
	6
	0
	6

	Info. block length (bits w/o CRC) 
	48, 64, 80


Table I shows the simulation parameters used for evaluations and the details of the code are described as follows.

Tail-biting convolutional code (TBCC)

Rate 1/3 LTE TBCC coding scheme (constraint length C = 7) is used with 6 CRC bits. Rate matching is achieved using either repetition or cyclic-buffer based puncturing. We followed LTE TBCC without the sub-block interleaver. As it is for AWGN channels, we do not need the interleaver part. The soft input Viterbi algorithm was applied in the decoder.

LDPC codes

The proposed codes are used with lifting to obtain different block sizes. Code rate 1/12 is obtained via repetition from PCM of rate 1/6.  We use offset min-sum decoder with 0.22 offset parameter with 50 iterations in the simulations. Additionally, parity check can be used as the error detection mechanism where FAR is equivalent to 8 CRC bits.

Polar codes (PC)

We use polar codes with CRC length of 6 bits. The list size is fixed to be 4, which is bit higher compared to the TBCC. However, FAR is poor compared to all other candidates where we expect much poor performance than following results when FAR is normalized exactly. The codes were constructed with density evolution with Gaussian approximation.
Results are provided in Figure 1-3 for three different block sizes. We see that performance of LDPC is good across all the block sizes. And LDPC has much better FAR as it is roughly equal to 8 CRC bits at lower code rates.
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Figure 1: Info bits 48
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Figure 2: Info bits 64
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Figure 3: Info bits 80

Proposal 1: LDPC codes should be considered for PBCH.

3
Conclusions
In this contribution, we discussed the channel coding for PBCH. Following proposal was made:
Proposal 1: LDPC codes should be considered for PBCH.
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